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ABSTRACT 
Osteoarthritis and other arthropathies are still one of the most debilitating 
musculoskeletal disorders among the elderly population. Pathogenesis of these 
diseases is multifactorial and mainly connected with increasing of oxidative 
stress. Pharmacotherapy, physico- and balneotherapy are the most commonly 
used methods of treatment. The mechanism of action balneotherapy in 
arthropathies is not fully understood. Probably it is a combined effect of used 
forms of biological interactions which influence different metabolic pathways. 
One of the potential factor connected with decreasing oxidative stress status 
during balneotherapy can be iron bioavailability and changes its concentration 
during this therapy. The aim of this study was assessing change of iron blood 
status during the routine 21 days’ radon-sulfide balneotherapy course in 
patients with osteoarthritis. The study group consisted of 35 osteoarthritis 
patients without impediment to comprehensive treatment at spa. The age of 
patients ranged 32-67 years (average 53.5). The blood samples were collected 
before the therapy and after 21 days of treatment at a spa. The levels of iron, 
transferrin, total iron binding capacity and transferrin saturation percent were 
assessed. Within statistical comparison before and after spa course reveled 
decreasing trend for all iron status parameters after 21 days’ spa treatment, 
but the observed changes were significant only for TIBC. In the course of spa 
therapy Osteoarthritis patients, the level of the systemic iron components is 
not affected and changes in blood oxidative status during this therapy probably 
are not influenced by iron status and vice versa. 
Keywords: Balneotherapy; Iron; Osteoarthritis; Oxidative stress; Radon-sulfide 
water.  
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INTRODUCTION 
 
 Osteoarthritis and other arthropathies are still one of the most debilitating musculoskeletal disorders 
among the elderly population. Joint damages characteristic for those diseases mainly occur because of an 
imbalance between the processes of degeneration and regeneration of articular cartilage structures. Until now 
many risk factors favoring the development of degenerative joint disease have been identified, such as age, 
weight, previously sustained traumas to joints, sports, sex and genetic predisposition [1, 2]. 
 The latest scientific reports confirm that the pathogenesis of changes in osteoarthritic joints is complex, 
occurs on many levels and strictly connected with increase of oxidative stress [3, 4]. In a face of constantly 
lengthening life expectance, treatment and care for patients with these progressive and irreversible diseases 
generate large social and economic costs [5]. 
 It is important to introduce effective pharmacological and biological forms of therapy. In some countries, 
especially in Europe spa therapies and 21-days’ curative courses are very popular and have a long tradition in 
treatment of many rheumatic diseases. One form of adjuvant therapy for patients with osteoarthritis in Poland is 
a routine 21-days balneotherapy e.g. in Przerzeczyn Zdrój spa resort with using unique, on a European scale, 
natural curative radon-sulfide waters [6].  
 Balneotherapy is an important component of arthropathy treatment called also as spa medicine                         
or medical spa therapy. It refers to the therapies that utilize of spa waters, peloid, physiotherapy,             
kinesiotherapy, therapeutic massage and different forms of hydrotherapy to reduce pain and improving 
functional mobility.  
 Biomedical mechanism of action of balneotherapy and physiotherapy in spa is not entirely clear, because 
the health resort treatment may affect many factors. In spa treatment, there are used different kinds of energies, 
as well as natural healing materials such as: peat, gas or medicinal water treatment. This type of therapy brings 
not only local, but general results, and changes the reactivity of the immune system by activating the adaptive 
responses. Probably all elements of the balneotherapy influence by mechanical, thermal and chemical effect [7] 
and can activate the changes of different metabolic pathways in human organism [8-10]. It is suggested that all 
these forms of medicinal spa treatments have also an antioxidant effect proven in in vitro and clinical studies 
[7]. 
 It is believed that the ferric iron status changes are related with oxidative stress in various diseases 
(metabolic, inflammatory, infection, cancer) as well as disorders of musculoskeletal system. Iron is an 
important trace element involved in many biochemical reactions essential for maintaining homeostasis and 
simultaneously takes part in generating of free radicals due to their high volatility redox potential. Free iron 
particles are sources of reactive oxygen species mainly via Fenton reaction. Both indispensability and their 
possible toxic effects cause that the concentration and availability of iron ions remains under strict biochemical 
control [11]. 
 Among other factors, increasing of reactive oxygen species concentration and cellular oxidative stress 
products is connected with onset and progression of arthropathies [12, 13]. New studies confirm the antioxidant 
effect of balneotherapy in osteoarthritis patients [14, 15]. However, the mechanisms by which spa therapy 
influence on oxidative status are still not fully understood. One of potential factor linking these two aspects can 
be iron bioavailability and changes of its concentration during balneotherapy course.    
 The aim of this study was assessing changes of iron blood status during the routine 21 days’ radon-
sulfide balneotherapy course in patients with osteoarthritis. 
 
 MATERIALS AND METHODS 
 
The project was conducted in a health resort Przerzeczyn Ltd. in Przerzeczyn Zdrój, Poland and was 
approved by the Medical University of Wrocław Ethics Committee (KB-401/2008). The study group consisted 
of 35 patients (28 women and 7 men) with pain in joints and spine, caused by osteoarthritis and spinal or 
degenerative disc disease without impediment to comprehensive treatment at a spa. The age of patients ranged 
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32-67 year (average 53.5). Patients were qualified for treatment by a referring physician and balneologist 
working as a medical consultant in the spa in accordance with applicable standards. All patients declared 
voluntary participation in the study in writing; they were also informed about the purpose and protocol of the 
research. In addition, the study participants declared that during the study they will restrain from taking any 
vitamin supplements, alcohol consumption and smoking tobacco. 
 Patients undergoing spa treatment within the 21-days’ health resort stays were on the normal diet or 
highly digestible diet, which was dominated by dishes cooked with low fat content. Both diets were norm 
calories diets. The main element of therapy accounted for treatments using medicinal radon-sulfide baths. 
Patients were also prescribed a series of 10 treatments of various types of therapy depending on the needs and 
type of disease. A sample set of patient treatments used at spa resort included radon-sulfide baths, peat wraps, 
therapeutic individual and group exercises, laser biostimulation, interference currents. 
 Table 1 presents the content of the individual components characteristic for Przerzeczyn-Zdrój curative 
waters. 
 
 
Table 1. The results of physicochemical studies performed on 24.04.2008 at source of medical waters and at mineral 
spring spa (MSP). 
No 
 
Drilling place 
location 
Water temp. 
inº C pH 
The content of the ingredient in 1 dm3 of water 
H2S 
Mg 
HCO3 
Mg 
Rn 
Nci 
Rn 
Bq 
1. 
2. 
3. 
Borehole No. II 
Borehole No. IX 
MSP tank 
12.0 
12.0 
16.0 
7.62 
7.72 
7.65 
1.96 
1.70 
1.87 
263.2 
289.6 
277.9 
2.21 
1.71 
2.20 
81.8 
63.3 
81.4 
 
 
The blood samples were collected from patients by venipuncture before the therapy and after 21 days of 
treatment at the spa resort. The level of iron was measured by Feren S method, transferrin by 
immunoprecipitation method, total iron binding capacity (TIBC) by the Unsaturated Iron Binding Capacity 
(UIBC) method and transferrin saturation percent were calculated. All reagents were supplied from DiaSys, 
Holzheim, Germany and laboratory tests were determined using Konelab 20i biochemical analyser 
(ThermoScientific, Vantaa, Finland). The results were analyzed statistically, by the Wilcoxon test for related 
data using STATISTICA12.PL. The values of p < 0.05 were regarded as significant.  
 
RESULTS 
 
Results of iron status parameters before (start point) and after 21 days’ spa therapy (end point) are given 
as median, Q1-Q3  range and min.-max. values in Table 2.  
The study showed that medians and range of Q1-Q3quartiles nearly all iron status parameters, except of 
transferrin concentration, were in the reference value ranges in both estimated points. However, the minimum 
and maximum values of the iron, transferrin concentration and transferrin saturation were located both above 
and below references cut points. Only for TIBC we found all statistical descriptors inside references values 
bounds. Statistical comparison before and after spa course reveled decreasing trend for all iron status 
parameters after 21 days’ spa treatment. The iron, TIBC and transferrin concentration declined by 7.7 %, 4.9 %, 
9.1% respectively, and transferrin saturation by 3.9 %. Observed changes were significant only for TIBC 
(p<0.05). 
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Table 2. Descriptive statistics of the exanimated parameters before and after balneotherapy course.  
Parameters N 
Start point median 
(Q1-Q3) 
(min.-max.) 
End point median 
(Q1-Q3) 
(min.-max.) 
p value 
Iron [µmol/l] 
Reference value: 10.6-28.3 35 
18.2 
(13.6-24.0) 
(6.7-38.0) 
16.8 
(12.1-21.0) 
(6.6-32.0) 
0.317 
TIBC [µmol/l] 
Reference value: 44.8-73.4 35 
54.4 
(51.0-60.1) 
(46.7-69.3) 
52.1 
(49.2-57.4) 
(50.0-66.9) 
0.014 
Transferrin saturation [%] 
Reference value: 20-50 35 
33.5 
(26.7-39.9) 
(14.4-54.9) 
32.2 
(24.6-36.6) 
(13.7-47.9) 
0.650 
Transferrin [g/l] 
Reference value: 2.0-3.6 35 
3.3 
(2.5-4.1) 
(1.0-5.7) 
3.0 
(2.3-3.9) 
(1.1-5.4) 
0.342 
 
 
DISCUSSION 
 
 In the scientific literature, there are few reports about the using of natural medicinal resources like water 
and muds as a form of therapy. Their use is more popular in countries that have large resources and long 
tradition of use spa therapy. Such forms of therapy are of great interest and readily used in many old spa resorts 
located in different areas of Poland. Balneotherapy and physiotherapy are established adjuvant methods used in 
osterarthritis treatment [16]. Spa therapy, by influence on systemic changes, seems to be important factor in 
management of these diseases. We revealed in our previous investigation, that spa therapy and outpatient 
treatment reduce the level of pain in patients with degenerative joints and disc disease. What interesting, the 
reduction of pain level was more effective in case of therapy conducted in the spa [6]. Moreover, our 
unpublished study has shown significant increase in blood antioxidant status of patients’ underling 21-days 
balneotherapy in Przerzeczyn Zdrój resort.  
 In presented study, we investigated iron status parameters before and after routine 21 days’ radon-sulfide 
spa treatment because of importance of iron in the oxidant/antioxidant balance. 
 Among examined parameters we observed significant decrease only in Total Iron Binding Capacity. The 
remaining parameters of iron status showed only decreasing trend. Despite the fact significant shift for TIBC 
before and after balneotherapy, in our opinion all this difference due to the small degree of values change, 
seems to be not important in clinical practice. In available literature, we found only single studies in similar 
area to our research. Jokic et al. in 2010 have showed that sulphur baths and mud packs application during 21-
days’ spa treatment influenced hematological blood parameters and caused an increase in: number of 
circulating red blood cells, mean corpuscular hemoglobin concentration (MCHC) and decrease in lipid 
peroxidation in plasma [15]. But in their study iron status parameters during spa therapy were not investigated. 
Findings, for iron metabolism, similar for observed in our study, were published only by Olah et al. [17]. In 
overweight and hypertensive participants, they observed changes transferrin, but not iron and C-reactive protein 
concentration after spa therapy. They did not also find changes in antioxidant status [17]. Based on obtained by 
us results, we can conclude that in the course of routine 21-day spa therapy in patients with disorders of the 
musculoskeletal system the level of the systemic iron components is not affected. Probably changes in blood 
oxidative status during this kind of therapy are not influenced by iron status and vice versa. It is worth to notice 
there are only a few publications about influence of balneotherapy on antioxidative/oxidative balance and the 
mechanisms regulating antioxidant capacity, especially about iron status and its contribution to this state [15, 
18, 19].  
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 Taking to the account only preliminary character of our study and limited number of participants it is 
appropriate to continue research in this area for examination exact ways of influence of radon-sulfide 
balneotherapy and role of iron in the network of metabolic disturbances in osteoarthritis patients.    
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